CASTILHO, P.V.; SIMÕES-LOPES, P.C. Sea mammals in archaeological sites on the southern coast of Brazil. Revista do Museu de Arqueologia e Etnologia, São Paulo, 18: 101-113, 2008. Resumo: Foram avaliados restos faunísticos de 11 sítios arqueológicos do litoral centro-norte de Santa Catarina, sul do Brasil, com datações variando entre 5000 e 1000 A.P. Apesar de os sítios arqueológicos apresentarem ocupações humanas de cultura material diferenciada, a diversidade de espécies de mamíferos marinhos foi semelhante entre eles. Foram diagnosticadas três espécies de pinípedes e nove de cetáceos. As estruturas que mais contribuíram para a identificação das espécies foram o complexo periótico-timpânico, os dentes, os crânios e os ossos dos membros. A quantificação das peças de mamíferos marinhos sugere uma abordagem mais cautelosa na caracterização das atividades humanas pré-coloniais, pois estes grupos culturais podem ter utilizado lobos-marinhos, baleias e golfinhos com maior freqüência do que imaginado, além de indicarem a presença de habilidades náuticas.
Introduction
t is estimated that the first records of human occupation on the coast of Santa Catarina State, Brazil, happened between 6,000 and 5,000 years before present (BP). According to the archaeological surveys of Bigarella (1949) , Duarte (1971) , Eble (1971) and Rohr (1977a,b) on the coast of Santa subsisted preferentially on sea resources, principally fish (Fossari 2004) .
The archaeological sites of ceramic societies from the coast produce carbon 14 (14C) dates around 1,500 and 1,000 years B.P, and their largest populations occupied several other niches, including occupation on the sambaquis (Schmitz et al. 1993 ). Neves (1988) reported that the ceramic societies were human groups morphologically different from the hunter-gatherer-fishers, but Neves & Blum (1998) detected evidences of genetic flow among these ceramic and non-ceramic societies.
Independently from the genetic analysis, the material culture difference indicates the absence of relation among the two groups. The ceramic people presented activities as food storing and cooking strategy, a fact not observed among the hunter-gatherer-fishers (Prous 1992; Lima 2000) .
According to Fossari (2004) , the ceramic societies were good navigators, supporting the idea that this would be a human group responsible for the engravings at the surrounding islands at the Santa Catarina coast.
The faunal analyses of the archaeological sites from the southern region of Brazil aimed until now to describe the food habits of the hunter-gather-fisher populations. However, the majority of these studies use very broad taxonomic groups (e.g., orders and classes) or deal with food items through common names (e.g., dolphins and whales) (Rohr 1977a,b; Prous 1992; Schmitz et al. 1992; Gaspar 1999) .
The interpretation of food resources contributes to the human comprehension of the Brazilian coastal sector during the last 12,000 years. Several authors have argued that the utilization of the coastal sector in several part of the globe was an important survival strategy (Colten & Arnold 1998; Glassow 1999; Porcasi et al. 1999) , especially in terms of subsistence, allowing new areas for the dispersion or exploration of new resources for human populations. Tens of cases are registered in the Northern Hemisphere, where distinct cultural groups fixed along the coast intending to obtain resources in large quantities (Porcasi & Fujita 2000) .
Sea mammals comprise one of the most used food resources of several pre-historic human groups world-wide. Among them, there are examples of specialized exploitation of dolphins (Delphinus delphis) on the Japanese coast during the Jomon period 5,000 year B.P. (Hiraguchi 2003) ; the selective hunting of seals, sea lions and fur seals at the Californian coast (Lyman 1989; Porcasi & Fujita 2000) ; the hunting strategies during the migration of the bowhead whale (Balaena mysticetus), white whale (Delphinapterus leucas) and narwhal (Monodon monocerus) in the northern region of Canada (Savelle 1994; 1997; Savelle & McCartney 1999) ; and the vestige of hunting pressure upon the North Atlantic right whale (Eubalaena glacialis [= E. australis] ) at the South African coast (Jerardino & Parkington 1993) and Namibian coast (Smith & Kinahan 1984) . Moreover, at the shores of Beagle's channel, in Ushuaia, Schiavini (1987) produced archaeological evidence that demonstrate the intensive use of two pinniped species, Arctocephalus australis and Otaria flavescens.
Currently, there are 85 species of cetaceans, 16 of otariids and 19 of phocids (Perrin et al. 2002) . Approximately a quarter of these species live on or frequent the Santa Catarina coast, which results in a region of high diversity of species (Simões-Lopes & Ximenez 1993; Simões-Lopes et al. 1995; Cherem et al. 2004) .
This work has as its objectives the followings: I -analyze the archaeological collections of eleven sites dug on the centre-northern coast of the Santa Catarina State, southern Brazil, whose dates are within the last 5,000 years; II -identify the sea mammal species that were found in the faunal remains of hunter-gatherer-fishers and ceramic societies; III -compare the current and archaeological sea mammal diversities; IVdiscuss the implications of hunting and collecting of the species found at the analyzed sites.
Materials and Methods
Faunal remains were analyzed from eleven archaeological sites of hunter-gatherer-fisher and ceramic populations located at the centre-northern portion of the Santa Catarina coast dating between 900 and 5,000 years B.P (Fig. 1, Table 1 ). These sites were mapped during the archaeological surveys of Bigarella (1949) , Duarte (1971) , Eble (1971) , Rohr (1977a,b) and Oliveira (1996) . Two qua ntificatioin measures were used to describe the abundance of faunal remains: NISP (number of identified specimens), which corresponds to the number of identified pieces, and MNI (minimum number of individuals). MNI is here defined as the minimum number of possible individuals for each species, considering the repetition of the skeleton structures, despites the correction of possible distortions of NISP due to the bone preservation and fragmentation (Chaplin 1971; Klein & Cruz-Uribe 1984; Marshall & Pilgram 1993; Reitz & Wing 1999) .
For the assessment of quantitative variables of the frequency indexes (NISP and MNI), there were employed the Pearson correlation coefficients (Zar 1999) .
Results
For the eleven studied sites, 2,612 elements of sea mammals were identified (Fig. 2) . The quantifications of the skeletal remains showed that mysticets were not found at the Tapera site, located at the inner waters of Sul Bay on Santa Catarina Island, but they were found in Espinheiros II as in Morro do Ouro, located in evenness and inner waters of the Babitonga Bay, was also the one that reached the highest percentage of mysticete elements (97.7%) followed by the Porto do Rio Vermelho (93%) and Cabeçudas (82%) sites.
Odontocetes were recorded in all the collections in proportions varying from 2% to 93% of NISP (Fig. 2) . The largest percentages of odontocetes were reported at the sites of Rio do Meio (93%), Armação (73%), and Morro do Ouro (70%); however the sites with highest number of identified odontocete bones were the Enseada I (NISP = 278) and Pântano do Sul (NISP = 694) ones, respectively.
When assessing the faunal remains in relation to the human occupations, we verified that the hunter-gatherer-fisher (preceramic) sites presented the largest proportion of odontocete and mysticete bones, when compared the pinnipeds remains. Excepting in the Tapera site, where there were 73% pinnipeds and 27% odontocetes, without the presence of mysticetes (Fig. 2 ).
There were 131 bones identified as pinnipeds, 46 of them being identified to the genus Arctocephalus. Three pinniped species were confirmed on the basis of 25 pieces consisting of teeth, skulls and bones belonging to South American fur seal, Arctocephalus australis, with the remaining pieces belonging to Subantarctic fur seal, Arctocephalus tropicalis, and to South America sea lion, Otaria flavescens (Table 2) .
Among the cetaceans, the Mysticeti are represented by a large number of identified pieces (NISP = 1087; Table 3 ), a result of the numerous pieces of vertebrae, epiphyses, and Rabiocarbon dates, periods, references and collections for archaeological sites on the coast of Santa Catarina ribs. The rorquals (family Balaenopteridae) were identified only to the family level. A distinctive feature of the skeleton of southern right whale, Eubalaena australis (family Balaenidae) is due to presence from the periotic-tympanic complex, whose characteristics -ventral-medial flat face of the tympanic and the cochlear portion -allowed the identification of the species. At least eight species of small cetaceans were confirmed (Table 3 ). The outstanding species was the bottlenose dolphin, Tursiops truncatus, with 154 skeletal remains, among them 82 teeth, as well as other bones identified as humerus and radius. In the second place, there is the Franciscana (La Plata dolphin), Pontoporia blainvillei, with 54 bones, represented by the cranium vertex, mandibles, and lumbar vertebrae.
The Delphinidae family is represented by 978 pieces, principally vertebrae of small dolphins, with doubtful identifications.
A minimum number of 17 pinnipeds and of 80 cetaceans was calculated (Table 2 and 3) . The correlation between NISP and MNI points to a positive and significant correspondence among the indexes, even with the low Pearson coefficient correlation (r2 = 0.478; p = 0.002). The ease with which archaeological mysticete bone fragments, and the consequently large quantity of mysticete fragments in the eleven assemblages, may contribute to the low correlation coefficient.
The pinniped species found at the archaeological sites were identified principally through the dental morphology as well as through the comparative exemplars of killer whale and the rough-toothed dolphin (Fig. 3) .
The cetaceans were identified using the cranial characters, but the axis was a structure of huge diagnostic value for Pontoporia blainvillei, the unique species present at the Brazilian coast, where does not occur the fusion of atlas with axis through life. 
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Among the cranial bones that most contributed to specific identification are the maxillary, pre-maxillary, tympanic, lachrymal, and dentary bones (Fig. 4) . Teeth were valuable diagnostic elements due to their importance in the pinnipeds and small cetaceans. The bones of the forelimb, esp. the radius, and hind limb, esp. the femur (in pinnipeds), also were of considerable importance. Despite their substantial abundance, the vertebrae constitute an anatomical sector of complex identification, which was accentuated by the imperfect bone preservation.
Discussion
Current fauna versus archaeofauna
Currently, 25 species of cetaceans and six of pinnipeds are confirmed for the Santa Catarina coast (Simões-Lopes & Ximenez 1993; Simões-Lopes et al. 1995; Cherem et al. 2004) . These data have been accumulating since the 1980s, and they are based on field observations and strandings.
Between the years of 1983 and 2004, around 220 carcasses of sea mammals were collected by the Laboratório de Mamíferos Aquáti-cos da Universidade Federal de Santa Catarina, with a concentration among the months of July and November (Castilho et al. 2004) . The coastal species like Sotalia guianensis, Pontoporia blainvillei and Tursiops truncatus were the most frequent ones. The pinnipeds correspond to 18% of the samplings, not being registered in the years of 1983, 1991, 1995, 1997 and 2001 . The southern fur seal, Arctocephalus australis, was the most frequent species (Simões-Lopes et al. Castilho et al. 2004) .
The earliest sea mammal occurrence at a Brazilian archaeological site was found at Camboinhas in Rio de Janeiro, dating 7,958 + 224 B.P. where Cunha et al. (1986) vertebrae of Sotalia sp. (=S. guianensis), two tympanic bones belonging to Megaptera novaeangliae and to Eubalaena glacialis (=E. australis). Apart from these entries, the presence of sea mammal bones is mentioned in sites at Rio de Janeiro, São Paulo, Paraná and Santa Catarina coasts (Prous 1992) .
registered six
Cetaceans found at Santa Catarina Coast sites
Until now, the archaeological research from Santa Catarina State has approached the animal species that have occurred at the archaeological sites in a limited (or perfunctory) and merely descriptive manner. The articles of Rohr (1977a) and Schmitz & Bitencourt (1996) Schmitz et al. (1993) where the presence of common dolphins and bottlenose dolphins is cited in the Laranjeiras II sites. For the archaeological site of Tapera, the presence of balenids, otariids and bottlenose dolphins (Silva et al. 1990 ) was noted, and at Cabeçudas, the genus Pontoporia genus was mentioned for the first time (Schmitz & Verardi 1996) . Recently, Castilho & Simões-Lopes (2001) identified nine species of sea mammals at the sites of Rio do Meio and Porto do Rio Vermelho, highlighting the need for re-assessment of the skeletal remains of the Santa Catarina coast.
According to the results obtained in the present study, there was a significant increase (58%) in the number of known species from the Holocene fauna of the Santa Catarina coast. Until this work, only five species had been identified, and now there are recorded 12 sea mammal species. The cetaceans Tursiops truncatus, Pontoporia blainvillei, and Eubalaena australis and the fur seal Arctocephalus australis were the most frequent species in the skeletal remains, and they represent 39% of sea mammals taxa currently known.
This diversity of species found at the Santa Catarina archaeological sites is due, in part, to the geographical location. This is a zone of contact of the two biggest sea-streams of the Occidental South Atlantic, the Malvinas (Falkland) stream and the Brazil streams (Simões-Lopes & Ximenez, 1993) . The high diversity is also the result of greater attention to the identification of the archaeological bones. In the skeletal remains of Northern Hemisphere archaeological sites, such high diversity of species is not common (Friesen & Arnold 1995; Hiraguchi 2003) or they appear to increase the diversity by including large cetacean (Porcasi & Fujita 2000; Mulville 2002) .
The preservation success of the fragmented bones is due, mainly, to the environment where they were deposited. The accumulation of seashells and beach sands confer an environment rich in calcium carbonate, compacted enough to keep the porous bones of the cetaceans in favorable preservation conditions.
Human populations
These hunter-gatherer-fishers (preceramic) and ceramic period populations have a distinct material culture, and they have built sites of differentiated form and structure, based on their environmental knowledge of food and fresh water resources (Prous 1992) . However, the differences between these peoples disappear regarding sea mammals. The skeletal remains indicate that the sea mammals were used similarly by both pre-colonial populations. Through the identified bones and fragments, similarities are noted in the sampled species, in the bone processing, and in preservation.
Among all the assessed archaeological sites, only Rio do Meio (ceramist), located at the northern region of the Santa Catarina Island, has not revealed any human burial, being characterized as a processing site (Fossari 2004) . Hiraguchi (2003) reports a similar case, where several sites on the coast of Hokkaido, Japan, do not contain burials. On the other hand, there were abundant crania, scapulae and humeri of small cetaceans.
The social and/or religious importance of the cetaceans for the pre-colonial populations is not well known; nevertheless, the found zoolithics (zoomorphic petroglyphs) show the presence of dolphins (Rohr 1977a ) and whales (Rohr 1967) among the represented animals. Schmitz et al. (1993) mentioned the presence of a whale mandible associated to the 107th burial at Laranjeiras II, suggesting that it would provide protection against the ocean water due to its disposition parallel to the beach. This explanation seems improbable because the site has not suffered encroachment from the ocean. This case, as well as the case registered by Tenório (1999) for the Ilhote de Leste archaeological site (RJ), where a whole dolphin was found on top of the burial appear to be isolated ritual examples. The use of cetaceans in burial rituals is neither well defined nor known at present.
The implications of hunting versus strandings
Several whale species use the Santa Catarina coast, particularly the southern right whale, rorquals and sperm whale. The southern right whale, Eubalaena australis, is slow and swims close to the coast looking for protection for themselves and their calves in coves and bays (Payne 2000) . The capture of southern right whale could be a viable practice, taking into account the hunting artifact (harpoons) found at the coastal archaeological sites (Prous 1992) . Furthermore, the Pântano do Sul is, nowadays, one of the zones of concentration and parturition of right whale (Simões-Lopes et al. 1992) . Regarding the rorquals (Balaenoptera), they reached higher speed ranging from 5 to even 35km/h (Sears 2002) , a fact that makes unviable the pursuit and hunting of these species buy the pre-colonial populations of the Santa Catarina coast.
Gregarious odontocetes, such as the beluga whale and narwhals, were hunted by the Eskimo populations, which influences directly the subsistence and organization of these human groups (Friesen & Arnold 1995) . According to the evidence left at processing sites, the meat and fat were taken in small quantities to places of residence far from the processing places -a situation that points to an organized collecting system (Savelle 1995) .
Small cetaceans are not usually hunted through direct pursuit but through net fishing, which classifies the hunting an opportunistic foraging activity in which animals were drawn into the nets or were scavenged when they were found dead on the beaches. The unequivocal evidence of fishing activity during the pre-colonial period is the abundance of fishes in the skeletal remains and net weights. (Rohr 1977a; Prous 1992; De Masi 2001) . Further, Rohr (1967) describes the existence of vegetal fibers conserved in mud in the municipality of Alfredo Wagner, Santa Catarina plateau, dating around 3,000 years B.P. that supposedly could be used as nets. De Masi (2001) found compound fishhooks, suggesting that fish were caught rather than hunted with lances and arrows as mentioned in previous studies (e.g., Rohr 1977a; Prous 1992) .
The harpoon absence and other hunt marks and processing suggest that the whales as well as the pinnipeds were not intensively exploited resources due to the high operational cost of hunting and transportation (Castilho 2005) . In the Canadian high arctic, bowhead whales (Balaena mysticetus) were intercepted during their migration during the warmer months of the year from sites that were deliberately located along their migration routes (Savelle & McCartney 1999) . At these areas, there are concentrations of bones such as scapulae, vertebrae and ribs. The crania and mandible were rarely transported and were used in the construction of winter shelters (Savelle 1997; Savelle et al. 2001) . In southern Brazil, the whales must have been butchered on the beach close to the surf and their remains abandoned there. Moreover, boats and harpoons on the bones would be an evidence of hunting; however, such evidence was not recorded at the analyzed archaeological sites. The only evidence of human activities (probable scavenging) is some cut marks and chop marks made by sharp tools such as knives during butchering and disarticulation. Monks (2001) found similarities in the process of butchering and disarticulation the whales hunted by recent Thule Eskimos with the marks found in archaeological bones, but Glassow (2002) still does not have a concrete chance to determine how the dolphins were hunted.
Conclusions
Observing the results obtained at the studied archaeological sites, we can assert that these precolonial populations from the Santa Catarina coast were not specialized in sea-mammal CASTILHO Abstract: Animal remains were assessed from eleven archaeological sites dating between 5,000 and 1,000 B.P on the coast of Santa Catarina State, southern Brazil. Although the archaeological sites presented differentiated material culture of human occupation, the mammal species diversity was similar among them. Three species of pinnipeds and nine species of cetaceans were identified. The structures that most contribute to the species identifications were the periotictympanic complex, teeth, the cranium, radio and femur. The quantification of sea mammal elements suggest a more accurate approach for the characterization of pre-colonial human dietary because these cultural groups might have used sea lions, fur seal, whales and dolphins with greater frequency than previously supposed, despite the indications of their nautical capabilities.
Keywords: Marine mammals -Zooarchaeology -Bones.
hunting but certainly were reliant on a diet comprised of fish, mollusc, bird, vegetal, terrestrial and sea mammals as attested at these 11 archaeological sites on the Brazilian Coast (Lima 2000; De Masi 2001; Gaspar 2003; Fossari 2004) .
The re-assessed and new archaeological data update the interpretation of human activities on the coast, providing evidence of the importance of sea mammals as resource in the dietary regime and the material culture of the hunter-gathererfishers and ceramic populations of the area.
The absence of evidence pointing to the intensive exploitation of sea mammal resources suggests that the identified species were used at low intensity to supply nutritional demands, raw material for artifact production, oil extraction for fuel or to eat with dried foods. Monks (2005) suggests the analysis of these whale bone assemblages in terms of their oil utility indicates that those bones containing relatively large amounts of oil are the most likely to be transported onto the site. Some lines of inquiry must be explored in further studies regarding the dietary contribution of the meat, the population demography of the recovered individuals and the human modifications left on the bones in order to provide a better of the presence of sea mammal species in the culture of pre-colonial populations of Santa Catarina State.
